Chlorfluazuron
Chlorfluazuron (Atabron  ) is a benzyl phenyl urea (BPU) chitin-synthesis inhibitor (CSI) and insect growth regulator (IGR) is formed by Ishihara Sangyo Kaisha, Japan. Some important details concerning the insecticide chlorfluazuron are given below (provided by Ishihara Sangyo Kaisha, Japan) (Perveen, 2005) Chemical name : [1-{3,5-dichlor-4-(3-chlor-5-trifluoromethyl-2-pyridyloxy) phenyl}-3-(2,6-ifluorobenzoyl) urea] (IUPAC nomenclature) chlorfluazuron is particularly suited to integrated pest management programmes. Although chlorfluazuron has contact toxicity at higher rates, the major route of toxicity to insects is ingestion, and it has no root, systemic or foliar translaminar activity. Like other BPUs, chlorfluazuron is believed to disrupt chitin formation and, thus, kills the insects when they moult. This mode of action necessarily means that it is effective only against immature insects and that it is relatively slow actions. When higher dosages of chlorfluazuron were applied to newly ecdysed fifth-instar larvae, it had a devastating effect on the S. litura population by killing them during larval, pupal and adult stages (Hashizume, 1988) . In insect pest management, the purpose of research is to maintain the pest population below the economic injury level. The mode of action of chlorfluazuron, as a CSI is known to some extent. However, but the knowledge of its effects on reproduction are rare. Insect structure and physiology may vary considerably during growth and development, with certain stages being more susceptible to insecticides than others. For example, the cuticle varies in its composition during larval development and this has been related to changes in IGR susceptibility. The activity of various insecticides detoxifying enzymes, such as MFO, glutathione S-transferase and epoxide hydrase also fluctuate during the life cycle of an insect (Yu, 1983) . For this purpose newly ecdysed fifth-instar larvae and newly ecdysed pupae were selected for the treatments for the present research. The main objective of the present research is to determine the effects of sublethal doses (LD 10 : 1.00 ng larva -1 ; 0.12 ng female pupa -1 ; 1.23 ng male pupa -1 or LD 30 : 3.75 ng larva -1 ) of chlorfluazuron on the reproduction (e.g., fecundity, fertility and hatchability) when ha been apply to newly ecdysed fifth-instar larvae and newly ecdysed pupae of S. litura (Perveen, 2000a) .
Experimental procedures 2.1.1 Insect rearing
Experiments were conducted with Spodoptera litura (F.) (Lepidoptera: Noctuidae) taken from a stock that was established from eggs obtained from Aburahi Laboratory of Shionogi Pharmaceutical (Koga-Shiga-Pref., Japan). The larvae of S. litura were reared in the laboratory under controlled conditions on the artificial diet Insecta LF ® (Nihon Nohsankohgyo, Kanagawa, Japan). The rearing temperature was maintained at 251 °C, with a L16:D8 hour photoperiod and 50-60% r.h. To facilitate observations, the dark period was set from 06:00 to 14:00 hours. Adults were fed on a 10% sucrose solution soaked in cotton. The eggs, which were laid on Rido ® cooking paper (Lion, Tokyo, Japan), were collected every 3 rd day and kept in 90 ml plastic cups (4 cm in diameter: 4×4 cm high) for hatching under the same environmental conditions (Perveen, 2000a) .
Chlorfluazuron and its application
Sublethal doses, LD 10 (1.00 ng larva -1 ; 0.12 ng female pupa -1 ; 1.23 ng male pupa -1 ) or LD 30 (3.75 ng larva -1 ) were applied to newly ecdysed fifth-instar larvae and newly ecdysed pupae. These LD 10 and LD 30 values were calculated based on interpret alone of the results of the toxicity data of larval tests at adult emergence. The treated and untreated insects, at all developmental stages including fifth-and sixth-instar larvae, pupae and adults, were weighed separately, on different developmental days, using an analytical balance (Sartorius Analytical AC-2105, Tokyo, Japan) to a precision of 0.001 mg, to determine the effect of chlorfluazuron on the body weight. The duration of each developemental stage was also strictly recorded (Perveen, 2000a) .
Mating
After both larval and pupal treatments, females and males that emerged between 2 and 8 hour (most adults emerged in the dark photoperiod) on the same day were collected at 0200-1000 hour. These adults were considered as 0 day old and paired just before the dark photoperiod (12 hour old) of the next day. Each female and male pair was kept separately in a plastic cup (430 cm 3 ; height: 8.0 cm; diameter: 9.5 cm) for the whole life-span. The cup was padded with Rido cooking paper on its wall and with a disc of 70 mm filter paper on the bottom. The pairs were fed throughout their life by cotton wool soaked in 10% sugar solution in small plastic cups. All S. litura were examined daily (Perveen, 2000a) .
To determine the effects of sublethal doses of chlorfluazuron on reproductivity, seven different mating combinations of female and male crosses were established. These were: (1) Untreated female mated with untreated male ( U ♀ U ♂); (2) LD 10 -treated female mated with untreated male ( LD10 ♀ U ♂); (3) Untreated female mated with LD 10 -treated male ( U ♀ LD10 ♂); (4) LD 10 -treated female mated with LD 10 -treated male ( LD10 ♀ LD10 ♂); (5) LD 30 -treated female mated with untreated male ( LD30 ♀ U ♂); (6) Untreated female mated with LD 30 -treated male ( U ♀ LD30 ♂); (7) LD 30 -treated female mated with LD 30 -treated male ( LD30 ♀ LD30 ♂). For the fecundity, fertility and hatchability experiments, 15-30 pairs were used for each cross. Eggs were laid on the cooking paper after 24 hours and were collected during 0800-1000 hour, cut out and kept in cups (90 cm 3 ) for hatching. Eggs laid were hatched within 84 hours. Observation of oviposition continued until the death of female. Four days after each collection of eggs, the fecundity, fertility and hatchability of the laid eggs were assessed. After the natural death of females, the spermatophores were separated from the bursa copulatrix with a fine forceps in 0.9% NaCl (Saline or Ringer's solution: Barbosa, 1974) under the binocular microscope (10magnification) (Olympus Co. Ltd., Tokyo, Japan) (Perveen, 2000a) .
Data analysis
Data for the effects of sublethal doses of chlorfluazuron on reproductivity and viability were analyzed using analysis of variance, one way ANOVA (Concepts, 1989; Minitab, 1997; Walpol and Myers1998) at P<0.0001 and Scheffe's F-test (multiple range) (Scheffe, 1953) at 5%. Hatchability percentage values were normalized by arcsin transformation before statistical analysis (Anderson and McLean, 1974) .
Results
When the LD 10 (1.00 ng larva -1 ; 0.12 ng female pupa -1 ; 1.23 ng male pupa -1 ) and the LD 30 (3.75 ng larva -1 ) of chlorfluazuron were applied to newly ecdysed fifth-instar larvae or newly ecdysed pupae, it was observed that the fecundity of the resulting adults and the fertility and hatchability of their eggs, was significantly reduced {P<0.0001 (for larval treatment); P<0.05 (for pupal treatment)}, compared with untreated adults, but no significant differences were observed between larval and pupal treatments (P<0.02) (Tables  1 and 2 ). When chlorfluazuron was applied to newly ecdysed fifth-instar larvae at sublethal doses, the number of eggs oviposited by a treated females mated with an untreated male ( T ♀ U ♂) was suppressed to the same degree as an untreated female mated with a treated male ( U ♀ T ♂) or a treated female mated with a treated male ( T ♀ T ♂) ( Table 1 ). The mean female fecundity was 2250198 eggs when both male and female were untreated (control), i.e., ( U ♀ U ♂), ( with an untreated male, the fecundity was 1462353 ( LD10 ♀ U ♂) and 1266237 ( LD30 ♀ U ♂), respectively. When the male was treated with the LD 10 and mated with an untreated female, the fecundity was 1407334 ( U ♀ LD10 ♂). However, in the same cross when the male was treated with LD 30 instead of the LD 10 ( U ♀ LD30 ♂), the fecundity was 1270215. When both sexes were treated with the LD 10 ( LD10 ♀ LD10 ♂), it was 1330295 and when both sexes were treated with the LD 30 concentration ( LD30 ♀ LD30 ♂), it was 1331 295. In all the crosses, the fecundity was significantly reduced when compared with the control cross ( U ♀ U ♂) (Table 1 ) (Perveen, 2000a a LD10: 1.00 ng larva -1 ; LD30: 3.75ng larva -1 ; U: untreated (control); ♀: female adults; ♂: male adults; n: number of pairs used b Number of eggs oviposited during the whole life of female adult were counted (fecundity) and from the eggs number of hatched that larvae were counted (fertility). c Data were analyzed using one way ANOVA (Concepts, 1989) at P<0.0001). Means within columns followed by different letters indicate significant differences by Scheffe`s F-test (Scheffe, 1953) at 5%. d Hatchability % values were normalized by arcsin transformation before statistical analysis (Anderson and McLean 1974) . Table 1 . Effects of sublethal doses of chlorfluazuron on fecundity, fertility and hatchability after topical application of newly ecdysed-fifth instar larvae of Spodoptera litura (Source: Perveen, 2000a) .
When the LD 10 of chlorfluazuron was applied to newly ecdysed pupae and the resulting adults were paired, the control fecundity was 2170175. It was not significantly reduced (P<0.02) compared with the larval treatment. The fecundity in the treated pupal cross ( LD10 ♀ U ♂) was 64083. It was not significantly reduced (P<0.02) compared with the same cross with treated larvae. In the pupal treatment, the fecundity was suppressed to a similar degree in the crosses LD10 ♀ U ♂, U ♀ LD10 ♂, LD10 ♀ LD10 ♂. This reduction was significant (P<0.0001) when compared with the control cross (Table 1) (Perveen, 2000a) . There was no significant reduction (P<0.02) between the larval and pupal treatments with respect to fecundity (Tables 1 and 2 ) (Perveen, 2005) . The mean fertility of females was 1984208 larvae when both the male and female were untreated, i.e. the control ( U ♀ U ♂) (Table 1) . When the female was treated with either the LD 10 or LD 30 and mated with an untreated male, the fertility was ( LD10 ♀ U ♂: 1010315; LD30 ♀ U ♂: 828206, respectively), i.e., significantly reduced compared with the control cross ( U ♀ U ♂). When the male was treated with the LD 10 and mated with an untreated female, the fertility ( U ♀ LD10 ♂: 688317) was significantly reduced compared with the crosses, i.e., LD10 ♀ U ♂ and LD30 ♀ U ♂. However, in the same cross when the male was treated with the LD 30 instead of LD 10 , the fertility was ( U ♀ LD30 ♂: 368155) significantly lower than the U ♀ LD10 ♂ cross. When both sexes were treated with the LD 10 , the fertility was ( LD10 ♀ LD10 ♂: 643265) not significantly different from the U ♀  LD10 ♂ cross. Similarly, when both sexes were treated with the LD 30 , the fertility was ( LD30 ♀ LD30 ♂: 333121) not significantly different from the U ♀ LD30 ♂ cross (Table 1) (Perveen, 2000a a LD10: 0.12 ng female pupa -1 ; 1.23 ng male pupa -1 ; n: number of pairs used b Number of eggs oviposited (fecundity) the during whole life of female adults were counted and from the number of eggs that hatched larvae were counted (fertility). c Data were analyzed using one-way ANOVA (Concepts, 1989) at P < 0.001. Means within a column followed by different letters indicate significant differences according to Scheffe's F-test (Scheffe, 1953) at 5%.
d Hatchability% values were normalized by arcsin transformation before statistical analysis (Anderson and McLean 1974) . Table 2 . Effects of a sublethal doses of chlorfluazuron on fecundity, fertility and hatchability after topical application of newly ecdysed pupae of Spodoptera litura (Source: Perveen, 2005) .
When the LD 10 of chlorfluazuron was applied to newly ecdysed pupae and resulting adults were paired, the fertility of the control cross, U ♀ U ♂ was 2123177, which was not significantly reduced (P<0.02) than that in the larval treatment. In the same way, with the LD10 ♀ U ♂ cross, the fertility was 109079, which was not significantly reduced (P<0.02) than the same cross in the larval treatment. The fertility was reduced 61 -65% in the U ♀ LD10 ♂ cross, which was significantly reduced (P<0.02) than the LD10 ♀ U ♂ cross with a fertility reduction of 46-49%. The fertility of the U ♀ LD10 ♂ cross was not significantly reduced (P<0.02) than the LD10 ♀ LD10 ♂ cross, which was reduced 65-68% for both larval and pupal treatments. There were no significant reductions (P<0.02) between larval and pupal treatments with respect to fertility (Tables 1 and 2 ). The mean hatchability during a female life-span was 88.4(6.6)% when both male and female were untreated, i.e. the control ( U ♀ U ♂) cross (Table 1) . When the female was treated, either by the LD 10 or LD 30 and mated with an untreated male, the hatchabilities were 68.9 (11.8)% ( LD10 ♀ U ♂) and 65.8(11.4)% ( LD30 ♀ U ♂), respectively significantly reduced compared with the control cross. When the male was treated with the LD 10 and mated with an untreated female, the hatchability, 48.3(17.1)% ( U ♀ LD10 ♂) was significantly reduced than the LD10 ♀ U ♂ and LD30 ♀ U ♂ crosses. However, in the same cross when the male was treated with LD 30 , instead of LD 10 , hatchability, 28.8(11.2)% ( U ♀ LD30 ♂), significantly reduced than the U ♀ LD10 ♂ crosses. When both sexes were treated with LD 10 , the hatchability was 48.6(14.2)% ( LD10 ♀ LD10 ♂), not significantly different from the U ♀ LD10 ♂ cross. Similarly, when both sexes were treated with LD 30 , the hatchability was 27.1(9.1)% ( LD30 ♀ LD30 ♂), which was not significantly different from the U ♀ LD30 ♂ cross (Table 3 .1). The hatchability for the U ♀ U ♂ cross was 88.4% and 97.8%, respectively, for the larval and pupal treatments. The larval-treated cross, LD10 ♀ U ♂, was 68.9%, which is not significantly reduced (P<0.02) than the same cross of the pupal treatment in which the hatchability was 66.5%. The hatchability was reduced 48.7% and 52.7% in the U ♀ LD10 ♂ cross, respectively, for the larval and pupal treatments. In the LD10 ♀ LD10 ♂ cross, it was reduced to 48.6% and 49.3%, respectively, for these treatments. There was no significant reduction (P<0.02) between larval and pupal treatments with respect to hatchability (Tables 1 and 2 ) (Perveen, 2000a) .
Discussion
When chlorfluazuron was applied to newly ecdysed fifth instars at sublethal doses, LD 10 (1.00 ng larva -1 ) or LD 30 (3.75 ng larva -1 ), it was observed that the fecundity of resulting adults as well as the hatching rate of their eggs was suppressed. The hatching rate of eggs oviposited by an untreated female mated with a treated male was suppressed to the same degree as that ofeggs oviposited by a treated female mated with a treated male. However, Madore et al. (1983) studied the effects when different concentrations of sublethal doses of the UC-62644 (chlorfluazuron-25) fed to sixth instar larvae of spruce budworm.
Homologous crosses between adults of the 0.01, 0.025 and 0.034 ppm treatments showed 0, 69 and 97% reduction, respectively, in the numbers of eggs laid per 30 pairs of moths when compared with control. Emam et al. (1988) reported the fecundity of S. littoralis adults decreased significantly from 977.64 eggs in control to 421.75 eggs, a decrease of about 56%, for adults feeding 10% honey solution containing 0.5 p.p.m. chlorflufluazuron. The corresponding fertility inhibition amounted to 32%. In the present case the fertility was significantly different when only the female was treated or only the male was treated. It is obvious from the results that the fertility and hatchability were affected more when the male was treated in comparison with the female, as also reported by Abro et al. (1997) , who found that males were more sensitive to insecticides than females, when five concentrations of cyhalothrin and fluvalinate were tested against fourth instar larvae of S. litura.
Conclusion
To clarify the sublethal effects of chlorfiuazuron on reproductivity of common cutworm, Spodoptera litura, experiments were conducted under laboratory conditions. Reduction in the body weight was observed in the larvae and pupae when treated with a sublethal dose (LD 30 : 3.75 ng larva -1 ) and in the adults when treated with sublethal doses (LD 10 : 1.00 ng larva -1 ; LD 30 : 3.75 ng larva -1 ) as newly ecdysed fifth instar larvae of S. litura, although the number of matings per female and life span of adult females and males remained unaffected by the same treatments. When sublethal doses were applied only to females or only to males, or both sexes, the average fecundity reduction was up to 35-44%. When only females were treated with sublethal doses, fertility was reduced by 49-58%; when only males were treated fertility was reduced by 65-81% and when both sexes were treated, fertility was reduced by 68±83%. Hatchability was reduced by 22-26% when only females were treated, by 44-66% when only males were treated and by 45-72% when both sexes were treated with LD 10 or LD 30 doses as newly ecdysed fifth instars. The results from these observations suggest that the fecundity was reduced to a similar degree when only females or only males or both sexes were treated with LD 10 or LD 30 doses as newly ecdysed fifth instars. However the fertility and hatchability were affected more when only males were treated with LD 10 and much more when treated with LD 30 . Currently, work is in progress to find out the main reasons for the sublethal effects of chlorfluazuron on reproductivity and viability.
Effects of chlorfluazurn on female reproductive system of Spodoptera litura
In many insects oviposition requires the development of the ovary, egg maturation, mating and, in some insects, feeding of the females. Ovarian development, which includes oöcyte growth and vitellogenesis, is under the hormonal control, of either juvenile hormone or ecdysteroid (Engelmann, 1979) . In many insects, juvenile hormone (JH) regulates the biosynthesis and uptake of vitellogenin by the oöcytes. Among Lepidoptera, e.g., the tobacco hawkmoth, Manduca sexta L. (Sroka and Gilbert, 1971; Nijhout and Riddiford, 1974) and the large white butterfly Pieris brassica L. (Karlinsky, 1963 and 1967; Benz, 1969) , juvenile hormone is required for full development of the ovaries in adults, whereas in the silkworm Bombyx mori L. (Chatani and Ohnishi, 1976) , giant silk moth, Hyalophora cecropia (L.) (Williams, 1952; Pan, 1977) , ailanthus silkmoth, Samia cynthia (Drury) (Takahashi and Mizohata, 1975) and ricemoth, Corcyra cephalonica (Stainton) (Deb and Chakarvorty, 1981) ovarian development occurs as part of adult development initiated by ecdysteroid. Juvenile hormone or juvenile hormone analogue (JHA) application at a critical period, however, induces abnormal development of the ovary as well as other tissues, although juvenile hormone analogues can replace natural juvenile hormone in regulating oöcyte maturation (Nomura, 1994) . In the normal state, the ovary develops during one day before and after eclosion in the presence of juvenile hormone (as described above) and a haemolymph factor stimulates the ovary to start oviposition. When S-71639 was applied to pupae, it inhibited adult emergence when a relatively a high dose was applied. If adults did emerge, they could not oviposit through inhibition of the haemolymph factor, hatchability was also reduced (Hatakoshi and Hirano, 1990) . The effects of diflubenzuron on fecundity resulted from treatment of adult females by contact or ingestion (Leuschner, 1974; Fytizas, 1976) . When O. japonica, adults females were fed diflubenzuron, it retarded the maturation of oöcytes (Lim and Lee, 1982) . In T. molitor, diflubenzuron reduced mealworm longevity (Soltani et al., 1987) , the number of oöcytes per ovary, the duration of the oviposition period and the fecundity (Soltani, 1984) . Diflubenzuron, topically applied (0.5 µg insect -1 ) to codling moth, Cydia pomonella L. on pupal ecdysis, inhibited the growth and development of oöcytes. It delayed adult emergence and caused a decrease in both the thickness of the follicular epithelium and the size of the basal oöcytes during pupal development. On the other hand, the size of basal oöcytes, the protein content per ovary and the number of oöcytes per ovary recorded in newly emerged adults were significantly reduced by the diflubenzuron treatment. These results, together with observations in several other species, indicated that the reduction in fecundity and egg viability was probably due to interference by diflubenzuron with vitellogenesis (Soltani and Mazouni, 1992) . Under laboratory conditions, effects of topical application of sublethal doses of chlorfluazuron (LD 10 : 1.00 ng larva -1 or LD 30 : 3.75 ng larva -1 ) on newly ecdysed fifth-instar on fecundity, fertility and hatchability have been investigated. Thus, it is investigated the causes of the decrease in these parameters. To obtain more information, sublethal doses of chlorfluazuron topically have been applied to newly ecdysed fifth-instar larvae of S. litura and the effects on female reproductive system during ovarian development and oögenesis have been observed.
Experimental procedure 3.1.1 Ovary measurement
Experimental S. litura were rared in the same way as mentioned in Section 2.1.1. Sublethal doses, LD 10 (1.00 ng larva -1 ; 0.12 ng female pupa -1 ; 1.23 ng male pupa -1 ) or LD 30 (3.75 ng www.intechopen.com larva -1 ) were applied to newly ecdysed fifth-instar larvae same mentioned in Section 2.1.2.
To determine the effects of chlorzuazuron on the ovaries, control and treated batches of insects, collected from the fifth day after pupation to the seventh day after adult emergence, were used, depending on the experiment requirements. Ovaries were dissected from these insects in Ringer's solution under a binocular microscope (10magnifcation: Nikon, Nippon Kogaku, Tokyo, Japan), and the lengths of pedicle, vitellarium, and germarium of each ovariole were measured. The number of mature oöcytes in each of the ovarioles was also counted. The Ringer's solution was removed, and the freshly dissected ovaries were placed in a small covered container that had been preweighed. The dissected ovaries were weighed on an analytical balance (AC-205, Sartorius Analytical, Tokyo, Japan) and kept in the same container in the oven for 24 h at 62±1 °C for evaporation of water. The dried ovaries were reweighed (Perveen and Miyata, 2000) .
Histology
The procedure to stain the nuclei for cell density from the germarium during female adults required age was adapted from the method described by He (1994) . First, the germarium of the female were removed and kept on a microscope slide and carefully crushed with micro forceps until it was extended and roughly evenly distributed over the slide. Second, several drops of 3:1 methanol-acetic acid were introduced to the slide to fix the preparation for 15 min and then the excess fixing solution was absorbed with a filter paper after the fixation. Third, several drops of a 2-5% Giemsa solution dissolved by Sorensen-Gomori buffer solution (monobasic and dibasic sodium phosphate, 0.07 M, pH 6.8) were introduced to the slide for 10-30 min to stain the preparation. Then after the staining, the slide was washed gently and carefully and dried in the air. Finally, the air-dried preparation was checked with a phase-contrast microscope at 20magnification (Perveen and Miyata, 2000) . The length and width of the basal oöcytes were measured from the 5 th d after pupation to 0 day after adult emergence in control and treated insects. Oöcyte measurements were made on three to four basal oöcytes per pair of ovaries that were taken from 9-10 insects.
Measurements were made with a graduated slide under the phase contrast microscope at 400magnification (BH 2 , Olympus, Tokyo, Japan). The size of basal oöcytes was calculated by the formula used by Loeb et al. (1984) for the size of a prolate spheroid, 4/3π(ab 2 ), where a is the radius of the long and b is the short dimension of the same oöcyte (Perveen and Miyata, 2000) . The thickness of the follicular epithelium of basal oöcytes was observed by making a parafilm microtomy conducted according to the method described by Yoshida (1994) . Basal oöcytes were fixed in Carnoy's solution for 3 hour, washed in 70% ethanol for 2 hour, and dehydrated in an alcohol series 70, 80, 90, and 95% and twice in 100%, followed by a benzene and ethanol solution (1:1), each for 30 min. Incubation was done three times at 60 °C in benzene and paraffin (1:1), and then in parafin only, each for 30 min. Five-mm microtome sections were cut into a rolling ribbon. It was stained in xylene I (10 min), xylene II (5 min), followed by an ethanol series of 100, 90, 80, and 70%, each for 5 min, Mayer's hematoxylin for 15 min, and washed under running water. Microtome sections were mounted in 1% eosin (10 min), distilled water (2 sec), followed by an alcohol series 50, 70, 80, and 90%, and twice in 100% (each for 1-5 min), xylene and 100% ethanol (1:1; 5 min), xylene I (5 min), xylene II (5 min). Finally, the sections were embedded on microscopic graduated slide in a drop of Canada balsam. The microscopic graduated slide was covered with a glass cover slip. The thickness of follicular epithelium was measured under a phase contrast microscope (BH 2 , Olympus, Tokyo, Japan) at 400magnifcation (Perveen and Miyata, 2000) .
Data analysis
Data were analyzed using analysis of variance, one way ANOVA (Concepts, 1989) at P<0.01 and Scheffe's F-test (Scheffe, 1953) at 5%.
Results
The morphology of the adult female reproductive system of S. litura is shown in Figure 1 . 
Effects on ovarian development
Sublethal doses of chlorfluazuron (LD 10 : 1.00 ng larva -1 ; LD 30 : 3.75 ng larva -1 ), applied to newly ecdysed fifth-instar larvae significantly (P<0.0001) reduced the body weight, fresh ovarian weight and dry ovarian weight in newly emerged adults when compared with the controls (Table 3 ). Significant reductions were not observed in fresh body weight (P=0.0567), fresh ovarian weight (P=0.7788) and dry ovarian weight (P=0.5757), when the LD 10 and LD 30 treatments were compared. Similarly, ratios of fresh ovarian/fresh body weight (31.0%), dry ovarian/fresh ovarian weight (28.0%) and dry ovarian/fresh body weight (9.0%), were not significantly different (Table 3 ) (Perveen and Miyata, 2000) . a C: control; T: trearment; LD10: 1.00 ng larva -1 ; LD30: 3.75 ng larva -1 ; n: number of insects used; FBW: fresh body weight; FOW: fresh ovarian weight; DOW: dry ovarian weight; % R: percent ratio b Data were analyzed using one-way ANOVA (Concepts, 1989) at P<0.001. Means within a column followed by different letters indicate significant differences according to Scheffe's F-test (Scheffe, 1953) at 5%. Table 3 . Effects of sublethal doses of chlorfluazuron on the ovarian and body weight of newly emerged adults after topical application to newly ecdysed fifth-instar larvae of Spodoptera litura (Source: Perveen and Miyata, 2000) .
Ovaries are small on the 8 th day after pupation. From the 8 th day after pupation to the day before adult emergence, ovarian weight slowly increased; after that it increased sharply until the day of adult emergence, and then, increased gradually until the 2 nd day after adult emergence, when it reached maximum (12019.4 mg). Then, in the controls it decreased gradually until the 7 th day after adult emergence. The pattern of changes in fresh ovarian weight in the LD 10-or LD 30-treated females was similar as observed in the controls during various developmental days of pupae and adults. The fresh ovarian weight was significantly reduced on the 8 th day after pupation (P<0.0001); on the 9 th day after pupation (P<0.0001); on the 1 st day after adult emergence (P<0.0003); on the 2 nd day after adult emergence (P<0.0001); on the 3 rd day after adult emergence (P<0.0001); on the 4 th day after adult emergence (P<0.0001); on the 5 th day after adult emergence (P<0.0001); on the 6 th day after adult emergence (P<0.0001); on the 7 th day after adult emergence (P<0.0001) in the LD 10 -or LD 30 -treated females compared with the controls, but no significant reduction was observed (P=0.0979-0.970) between the LD 10 -or LD 30 -treated females during ovarian development (Figure 2 ) (Perveen and Miyata, 2000) . In newly emerged the LD 10-or LD 30-treated adults, the total length of the ovariole was significantly reduced (P<0.0001) compared with the control, but there were no significant reductions (P=0.0508) between the LD 10-or LD 30-treatments. In the LD 10-or LD 30-treated insects, the germarium (immature oögonia) was significantly longer (P<0.0001) than that of the pedicle (fully mature ova) and the vitellarium (under developing oöcytes) compared with the controls in which the vitellarium was significantly longer (P<0.0001) than the germarium and pedicle ( Figure 3 ; Table 4 ) (Perveen and Miyata, 2000; Perveen, 2011) . Fig. 2 . Effect of sublethal doses of chlorfluazuron on ovarian weight during different developmental days (post pupal and 1 to 7 day after adult emergence). For control (○; n = 10), LD 10 (1.00 ng larva -1 ) treated (□; n = 9), and LD 30 (3.75 ng larva -1 ) treated (Δ; n = 9) after topical application to newly ecdysed fifth instars of Spodoptera litura. Data were analyzed using one-way ANOVA (Concepts, 1989) at P<0.0001 and Scheffe's F-test (Concepts, 1989) at 5%. Vertical bars indicate SD; (Source: Perveen and Miyata, 2000) . (2) vitellarium (oöcytes and trophocytes), (3) germanium (oögonia) (Etman and Hooper 1979) . c Data were analyzed using one-way ANOVA (Concepts, 1989) at P<0.0001. Means within a column followed by different letters indicate significant differences according to Scheffe's F-test (Scheffe, 1953) at 5%. Table 4 . Effects of sublethal doses of chlorfluazuron on ovarian development in newly emerged adults after topical application to newly ecdysed fifth instars of Spodoptera litura (Source: Perveen and Miyata, 2000) .
When ratios of the length of the pedicle, vitellarium and germarium were compared, they were 32:43:25 for the controls, 24:33:43 for the LD 10 and 23:32:45 for the LD 30 . There was a significant reduction when the %ratios of the LD 10 and LD 30 were compared with the controls, but there was significant reduction between the LD 10 and LD 30 treatments (Table 4) . When ovarian maturation was observed untreated females had mature ova with an occasional one or two being absorbed (solid ova) in the ovarioles. In the LD 10-treated females, the spacing in the ovarioles and the absorption of ova different from the control. In LD 30-treated females, besides the spacing and absorption , sometimes only immature ova (germarium) were found in the ovarioles (data is not presented) (Perveen and Miyata, 2000) . Mature ova were not observed in the pupae during the 2 nd day before adult emergence, but a few mature ova were found the day before adult emergence. The number of mature ova sharply increased until the 1 st day after adult emergence, and then gradually increased until the 2 nd day after adult emergence. The maximum number of mature ova 7252.0 was found on the second day after adult emergence. On the same day, the number of mature eggs was significantly reduced (P<0.0001) in the LD 10-or LD 30-treated females as compared with the controls, but no significant reduction was observed (P=0.0984) between the LD 10 and LD 30 treatments. From the 2 nd day to the 7 th day after adult emergence, absorption of mature ova started gradually in the controls, and the LD 10-or LD 30-treated females. The pattern of maturation of ova in ovaries was similar in the controls, LD 10 and LD 30 treatments (Figure 4 ) (Perveen and Miyata, 2000) . The cell density, expressed as number of nuclei per mm 2 , was determined at various days during sexual maturation in the germaria of the controls, LD 10-or LD 30-treated females (Table  4. 3). In the controls, on the 2 nd day of adult emergence, the density was 16369.17 nuclei mm 2-1 . The cell density increased until the 3 rd day, when it was 18298.87 nuclei mm 2-1 and decreased thereafter. On the 4 th day of adult emergence, the cell density was 132356.20 nuclei mm 2-1 . In the LD 10-or LD 30-treated insects, the patterns of the cell density change in the germarium were the same as in the controls but the values were significantly (P<0.01) lower in the LD 10-treated females and more were significantly decreased in the LD 30-treated females compared with the controls, during the days the 2 nd , 3 rd and 4 th of adult female development. There was also a significant reduction (P<0.05) in the cell density between the LD 10-and LD 30-treated females during adult development (Table 5 ) (Perveen, 2011) . Fig. 4 . Effect of sublethal doses of chlorfluazuron on number of mature eggs in the ovaries during different developmental days (post pupal and 1 to 7 day after adult emergence). For control (○; n = 13), LD 10 (1.00 ng larva -1 ) treated (□; n = 11), and LD 30 (3.75 ng larva -1 ) treated (Δ; n = 13) after topical application to newly molted fifth instars of Spodoptera litura. Data were analyzed using one-way ANOVA (Concepts, 1989) at P<0.0001 and Scheffe's F-test (Scheffe, 1953) at 5%. Vertical bars indicate SD; (Source: Perveen and Miyata, 2000) .
Cell density number of nuclei (mm 2 ) -1 in the germarium during female adults age (MSD) b,c Treatments a n 1 n 2 2 day-old 3 day-old 4 day-old The age of female adults was taken from the day of adult emergence. c Data were analyzed using one-way ANOVA (Concepts, 1989) at P<0.01. Means within a column followed by different letters indicate significant differences according to Scheffe's F-test (Scheffe, 1953) at 5%. Table 5 . Effects of sublethal doses of chlorfluazuron on the cell density in the germarium after topical application to newly ecdysed fifth-instar larvae of Spodoptera litura (Source: Perveen, 2011).
Effects on oöcytes development
In the controls, the basal oöcytes were tiny on the 5 th day after pupation, but increased sharply until the 8 th day, after which they increased slowly until adult emergence. The maximum size of the basal oöcytes on the day of adult emergence was significantly reduced (P<0.0002) in the LD 10-or LD 30-treated females, but there was no significant difference (P=0.9976) between LD 10-and LD 30-treated females ( Figure 5 ) (Perveen and Miyata, 2000) . Fig. 5 . Effect of sublethal doses of chlorfluazuron on size of basal oöcytes during different developmental days (5 to 9 day after pupation pupae and newly emerged adults). For control (○), LD 10 (1.00 ng larva -1 ) treated (□), and LD 30 (3.75 ng larva -1 ) treated (Δ) after topical application to newly ecdysed 5 th instars of Spodoptera litura. Data were analyzed using one-way ANOVA (Concepts, 1989) at P<0.0002 and Scheffe's F-test (Scheffe, 1953) at 5%. Verticle bars indicate SD (n = 9-10); (source: Perveen and Miyata, 2000) .
The thickness of the follicular epithelium of the basal oöcytes gradually increased and reached a maximum on the 8 th day after pupation, after which it sharply declined. On the 8 th day after pupation, it was significantly reduced (P<0.005) in the LD 10-or LD 30-treated females when compared with control females, but there was no significant difference (P=0.8686) between the LD 10 or LD 30 treatments. The reduction was approximately 34% in the LD 10-and 39% in the LD 30-treated females. The patterns of the development of the follicular epithelium of basal oöcytes were not similar in the LD 10-or LD 30-treated females compared with the controls. However, pattern was similar between the LD 10-and LD 30-treated females. In the LD 10-or LD 30-treated females, the follicular epithelium reached maximum on the 9 th day after pupation, and then declined. The development of the follicular epithelium was delayed by one day in the LD 10-or LD 30-treated females compared with the controls. On the 9 th day, it was thicker in the LD 30-treated females and thickest in www.intechopen.com
Insecticides -Pest Engineering 40 LD 10-treated females than in control females, but significant differences were not observed (P=0.7611) among these three groups, i.e. controls, LD 10-and LD 30-treated females ( Figure 6 ) (Perveen and Miyata, 2000) . Fig. 6 . Effect of sublethal doses of chlorfluazuron on thickness of follicular epithelium of basal oöcytes during different developmental days (5 to 9 days after pupation and newly emerged adults). For control (○), LD 10 (1.00 ng larva -1 ) treated (□), and LD 30 (3.75 ng larva -1 ) treated (Δ) after topical application to newly ecdysed 5 th instar larvae of Spodoptera litura. Data were analyzed using one-way ANOVA (Concepts, 1989) at P<0.005 and Scheffe's F-test (Scheffe, 1953) at 5%. Vertical bars indicate SD (n = 9-10); (Source: Perveen and Miyata, 2000) .
Discussion
Topical application of sublethal doses of chlorfluazuron (LD 10 : 1.00 ng per larva or LD 30 : 3.75 ng per larva) on newly ecdysed fifth instars had an effect on the reproduction of S. litura by reducing fecundity, fertility, and hatchability (Perveen, 2000a) . Thus, this study was conducted to establish the causes of the reduction in these parameters. It was found that topical appication of sublethal doses of chlorfuazuron had an affect on ovarian development and oögenesis by decreasing the weight of ovaries during postpupal and adult developmental days of LD 10 or LD 30 treated females. The basic factors responsible for the reduction in ovarian weight were reduction in the length of different parts of the ovarioles, decrease in the number of mature ova, reduction in the size of basal oöcytes and thickness of their follicular epithelium, and reduction in protein content of ovarian constituents as compared with the controls. In this study, topical application of sublethal doses of chlorfuazuron signifcantly reduced the ovarian weight to that of the controls in postpupal and adult developmental days (Figure 2 ; Table 4 .3). The ratios of fresh ovarian/fresh body www.intechopen.com weight, dry ovarian/fresh ovarian weight, and dry ovarian/fresh body weight were the same among the newly emerged control, LD 10 or LD 30 treated females, indicating a reduction in the body, fresh, and dry ovarian weights with the same degree of reduction in treated females and controls. However, Soltani and Pickens and DeMilo (1977) reported that 0.5 mg DFB, when topically applied at pupal ecdysis to Cydia pomonella (L.), did not cause the ovarian weight be significantly reduced (P<0.05) between control and treated newly emerged adult females. Nor did Hatakoshi (1992) observe any signifcant reduction (P<0.05) in the ovarian weight between control and treated last day of pupae to third day after adult emergence of S. litura, when 0.3 ng pyriproxyfen was topically applied at pupal ecdysis. The differences in results observed in these experiments may be related to the pesticides, the kind of insect used and their developmental stages. Spodoptera litura has paired ovaries that branch into four polytrophic meroistic ovarioles located on the ventral side of the body cavity, making several loops of ovarioles, with all basal oöcytes developing simultaneously each ovariole is differentiated into tree portions according to the developmental stages of the oöcytes: (1) the yellowish green pedicle, where fully matured ova are stored; (2) the reddish orange vitellarium, which contains the developing oöcyte and trophocyte follicles which undergo accumulation of yolk proteins, and choriogenesis; and (3) the whitis germarium, which contains oögoia, from which germ cells proliferate and follicles are formed. Similar observations were reported by Riakhel and Dhadialla (1992) and Etman and Hooper (1979) , which were confirmed here. As in other Lepidopterous species, the ovaries of S. litura start to differentiate, and develop at the pupal stage. Indeed, in controls, the thickness of follicular epithelium of basal oöcyte reached its maximum size on the eighth day after pupation. This coincided with the start of follicular epithelium resorption. Histological examination on S. litura showed that topical application of sublethal doses of chlorfuazuron to newly ecdysed ffth-instar larvae affected growth and development of oöcytes during pupal and adult stages by affecting size and thickness of follicular epithelium (Figures 5 and 6 ). However, in C. pomonella, (in controls) the basal oöcytes reached their maximum size 7 day after pupation. In this insect, this coincided with the start of follicular epithelium resorption. Hence, a 0.5-mg dose of DFB applied topically to newly ecdysed pupae affected the growth and development of oöcytes by causing a decrease in both the thickness of the follicular epithelium and size of basal oöcytes during the pupal development (Soltani and Mazouni, 1992) . Lim and Lee (1982) reported that 2-d-old adult females of O. japonica, starved for 6 h and consumed 500 mg (AI) of DFB with two maize discs. The females were found to have retarded ovarian development, caused by a delay of oöcytes development, and an increased percentage of oöcytes resorption. This caused a decrease in fecundity and egg viability of the females. However, significant reduction was not observed either in the number of ovarioles or in the length of basal oöcytes in treated insects. Differences in these results might be a result of the use of different BPUs. Also, the doses used by Lim and Lee (1982) were very high compared with those used in present study or in the Soltani and Mazouni (1992) experiments. In newly emerged treated adults, the germarium was much longer than the pedicle and vitelarium as compared with the controls in which the vitelarium was longer than the germarium and pedicle (Table 4) . This shows that maturation of oöcytes was delayed in treated adult females as compared with the controls. The maximum thickness of the follicular epithelium of basal ooctes was observed on the 9 day after pupation in treated females, whereas it was on the 8 d after pupation in the controls (Figure 6 ). Subsequent to the 8 th or 9 th day, resorption of follicular epithelium started in control and treated females, respectively. When ovarian maturation was scored, as depicted in Figure 4 .4, a maximum number of matured oöcytes were found in the second day after adult emergence in the controls. From this day, resorption of mature oöcytes started. The chlorfuazuron-treated females showed the same pattern of mature oöcyte resorption up to the seventh day after adult emergence as in the controls. However, Hatakoshi (1992) reported that when 0-day pupae of female S. litura were topically treated with pyriproxyen (0.3 ng per pupa), few or no mature oöcytes were found in newly emerged females, but controls had mature oöcytes with one occasionally being resorbed. The maturation of insect eggs dependent, among other factors, on the materials taken up from the surrounding hemolymph (Telfer et al., 1981) , and by materials synthesized by the ovary in situ (Indrasith et al.,1988) . These materials include proteins, lipids, and carbohydrates, all of which are required for the embryogenesis (Kunkel and Nordin 1985, Kanost et al., 1990) . Difubenzuron also caued a decrease in ovarian protein content in C. pomonella (Soltani and Mazouni, 1992) . Decrease in the ovarian protein content suggests an interference of BPUs with vitellogenesis. It has been reported that DFB could affect ecdysteroid secretion from other organs, such as the epidermis, in T. molitor (Soltani, 1984) , ovaries in C. pomonella (Soltani et al., 1989a; 1989b) , and the concentration of hemolymph constituents in T. molitor (Soltani, 1990) . Future studies should clarify the biochemical mechanism. Moreover, this work dose not clarify why signiÞcant differences were not observed (P<0.0001) between effects of LD 10 (1.00 ng larva -1 ) and LD 30 (3.75 ng larva -1 ) treated females, although LD 30 dose was much higher than LD 10 dose. Further studies are needed to obtain more knowledge about the effects of chlorfuazuron on oögenesis. Currently, the biochemical mechanism involved has been explored.
Conclusion
Sublethal doses of chlorfiuazuron (LD 10 : 1.00 ng larva -1 or LD 30 : 3.75 ng larva -1 ) topically applied on newly ecdysed fifth instars of S. litura significantly reduced ovarian weight and number of mature eggs in pupae and adults, compared with those of the controls. The ratios of fresh ovarian/fresh body weight, dry ovarian/fresh ovarian weight, and dry ovarian/fresh body weight were the same among controls, LD 10 , and LD 30 treated newly emerged adults. In treated adults, the germarium was significantly longer than the pedicle and vitelarium compared with those of the controls, whereas in controls the vitelarium was significantly longer than the germarium and pedicle. This indicates a delayed of maturation of ovarioles in treated cutworms. These doses also disrupt growth and development of oöcytes by significantly affecting the size of basal oöcytes and thickness of follicular epithelium. The maximum size of basal oöcytes recorded on the day of adult emergence was significantly reduced in LD 10 or LD 30 treated females, compared with those of the controls. The thickness of the follicular epithelium of basal oöcytes reached to a maximum in the controls on the 8 th day and in treated females on the ninth day after pupation. The effects of chlorfiuazuron on ovarian development and oögenesis are presumed to be responsible for the reduction in fecundity caused by sublethal exposure to chlorfiuazuron.
Effects of sublethal doses of chlorfluazurn on male reproductive system of Spodoptera litura
The deep yellow-coloured testes of S. litura are distinctly paired in larvae and they appear as a single round organ in adults. The testes of S. litura resemble those of other lepidopterans, www.intechopen.com being enclosed in a common membrane called the scrotum. The testes lie dorsally and appear to be held in place by trachea and strands of basement membrane-like material (Amaldoss, 1989) . Although reports of several layers surround the testes of lepidopteran have been made, a single capsule and follicular layers are present in S. litura (Amaldoss, 1989) . Chase and Gilliland (1972) described the tunica externa and interna as nothing more than basement membranes over the capsule and follicular layers. The intra-follicular layer is divided into eight incomplete compartments in the tobacco leafminer, Phthorimaea operculella (Zeller). This layer is similar to that in the larger canna leafroller, Calpodes ethlius (Stoll), and tobacco moth, Ephestia elutella (Hübner). It also bears the pigments responsible for the bright yellow-coloured testes. It is clear that spermatogenesis persists in the adult testis. A characteristic feature of the testicular follicles is the presence of large cells or a nucleated mass of protoplasm in the apex of the germarium. This is known as an apical cell or versonian cell. This is the region where there are successive stages of development of the germ cells occur. The upper part contains the primary spermatogonia and is known as the germarium. This is followed by a region called the zone of growth. The region or zone of growth is where spermatogonia multiply and usually become encysted. The maturation zone, where maturation takes place follows. Finally, is the zone of transformation where the spermatocytes develop into spermatids (spermiogenasis) completing spermatogenesis (Amaldoss, 1989) . Two distinct types of spermatozoa are produced in the Lepidoptera: eupyrene (nucleated) spermatozoa which can fertilize the egg; and apyrene (anucleated) which are smaller and completely lacking in nuclear material, and do not appear to play any role in activation of the eggs (Doncaster, 1911; Goldschmidt, 1916) . The eupyrene sperm can easily be counted in the male tract because they remain in bundles until they are transferred during mating, but the apyrene sperm are dispersed shortly after they leave the testis. Like eupyrene sperm, the apyrene sperm are produced in large numbers, usually contributing over half the sperm complement, and are transferred to the females with the eupyrene sperm during mating. It was thought that the apyrene sperm did not appear to play any role in activation of the eggs (Friedlander and Gitay, 1972) . Their function has remained unclear ever since their discovery by Meves (1902) , although several hypotheses concerning the function of the apyrene sperm have been proposed (Silberglied et al., 1984) . Holt and North (1970 b) proposed that, in the cabbage looper, Trichoplusia ni (Hüebner), apyrene sperm might aid the transport of eupyrene sperm from the male reproductive tract to the female reproductive tract. Katsuno (1977 a) reported that the apyrene sperm in the B. mori, might facilitate the migration of eupyrene sperm through the cellular barrier, separating the testis from the efferent ducts. Gage and Cook (1994) reported that nutritional stress seriously affected the number and size of eupyrene and apyrene sperm production in the Indian meal moth, Plodia interpunctella (Hübner). However, sperm development in Lepidoptera takes place in the larvae (Munson, 1906; Machida, 1929; Garbini and Imberski, 1977) . Usually, spermatogenesis starts in the late larval instars and proceeds on a schedule well correlated with the insect's metamorphosis. Studies in vitro and in vivo indicated that high titre of juvenile hormone inhibits spermatogenesis, and that sperm mitosis and meiosis require sufficient ecdysteroid titre. During the post-embryonic development of eupyrene and apyrene sperm bundles, when the insect is going to pupation, the juvenile hormone titre declines (Leviatan and Friedlander, 1979) . Other factors have also been reported to promote spermatogenesis in vitro and in vivo . In adult males S. litura, both apyrene and eupyrene sperm appear in bundles in the testis, but in the vas deferens only the eupyrene sperm were still in bundles, as reported for B. mori (Katsuno 1977 b) , T. ni (Holt and North, 1970 a) and the army worm, Pseudaletia separata (Walk.) (He, 1994) . The testes of early larvae contain a large number of spermatogonial cells near the outer border of the follicles. There is a preponderance of spermatocytes containing primary spermatocytes during the penultimate and early last-instar larvae. Secondary spermatocytes are present in the early last-instar larvae, persisting through to the middle of the last-instar larvae. They then begin to differentiate into spermatids. In the process of elongation and maturation of spermatids, the spermatocytes assume an elliptical shape. The sperm bundles formed as a result of maturation of the spermatids are seen abundantly in adults. Spermiogenesis is, however, not synchronous, and spermatozoa in various stages of differentiation can be detected in the testes of freshly emerged adults (Sridevi et al., 1989a) . In the pupa, the apyrene sperm bundles emerge from the testicular follicle into the vas efferens earlier than the eupyrene sperm bundles and the bundles separate when they pass through the basement membrane of the testis (Katsuno, 1977b) . The apyrene spermatozoa migrate from the vas efferens into the seminal vesicle through the vas deferens during the pupa (Katsuno, 1977c) . In the post-pupal period, however, the eupyrene sperm bundles and apyrene spermatozoa migrate simultaneously through the same way (Katsuno, 1977d) . The effects of chlorfluazuron have been examined on male reproductive system during testicular development and spermatogenesis when sublethal doses have been topically applied to newly ecdysed fifth-instar larvae of S. litura.
Experimental procedure 4.1.1 Histology of testis
Testes from newly molted sixth instar larvae to 5-day-old virgin adult males (treated and control), were dissected in 0.9% of NaCl under a binocular microscope. The length and width of each testis were measured by the same procedure as used for the oöcytes measurement. Testis volume was calculated for larval testes using the formula 4/3π (lengthwidth 2 ), assuming that the testis is a prolate spheroid (Loeb et al., 1984) . For the fused pupal and adult testes, the formula 4/3πr 3 was used, with r as the radius of the globular gonad. The treated and control weight and sheaths thickness of testes were measured by the same procedure used for the ovaries as described above (Perveen, 2000b) . The thickness of treated and control testes sheaths or vas deferenti of untreated and treated relevant stages of insect was observed by making a parafilm microtomy conducted according to the method used by Yoshida (1994) and the procedure to stain the nuclei of sperm was adapted from the method by He (1994) (Perveen, 2000b) .
Spermatogenesis
A staining method was used for determining number of the cysts, eupyrene and apyrene sperm for treated and control (He et al., 1995) . First, the testis was transferred to a microscopic grid slide (each square= 1mm 2 ) and crushed until it was evenly distributed on the slide. Secondly, several drops of methanol-acetic acid solution (3 : 1; v/v) were added to the slide to fix the reparation for 15 min, and the excess fixing solution was absorbed with filter paper. Third, several drops of 2-5% Giemsa solution dissolved in Sorensen-Gomori buffer solution (monobasic and dibasic sodium phosphate, 0.07 M, pH 6.8) were added to the slide to stain the preparation for 10-30 min. The slide was washed with water and air dried after staining. Finally, the air-dried preparation was observed for counting of bundles and cysts under a phase contrast microscope at 20mignification. Cysts were classified into the following six developmental stages as described by Chaudhury and Raun (1966) : (1) spermatogonia; (2) primary spermatocytes; (3) secondary spermatocytes; (4) spermatids; (5) elongated cysts with maturing sperm and (6) bundles with fully matured sperm. The length and width of sperm bundles were measured with a calibrated ocular micrometer a phase contrast microscope at 400magnification (Perveen, 2000b) .
Data analysis
Data were analyzed using analysis of variance, one way ANOVA (Concepts, 1989) at P<0.0001 and Scheffe's F-test (Scheffe, 1953) at 5%.
Results
The structural morphogenesis was seen in sixth-instar larvae of S. litura during development. When fifth-instar larvae ecdysed into newly sixth-instar larvae (N: 0 day), larvae remained unchanged for upto 2 hour. Then, they changed to a slender surface during 1 st day (S). After that, they changed to being puffy during 2 nd day (early-last-instar stage: P). Then, they changed to digging stage during 3 rd day (mid-last-instar stage: D). Then, they changed to early burrow during 4 th day (pre-late-last-instar stage: B 1 ). After that, it changed to late burrow during 5 th day (post-late-last-instar stage: B 2 ). The morphogenesis for phase variations used for convenient of observations during experiments is given in Table 6 . The morphology of the adult male reproductive system of S. litura is shown in Figure 7 (Perveen, 2000b 
Effects on testicular development
The testes of S. litura show the three dimentional measureable structure. Each mature testis consists of four follicles or lobes, each separated by an inner layer of sheath cells. An outer sheath cell layer further surrounds all follicles. In sixth-instar larvae, the volume and weight of the testes gradually then rather sharply increased until the 4 th day of sixth-instar larvae. The volume weight decreased when two larval testes fused on the 5 th day (last day) after moulting of sixth-instar larvae. They again sharply increased in size, reached a maximum (6.211.31 mm 3 and 11.940.42 mg, n=30, respectively) on the 0 day of pupation and gradually declined until the 5 th day after adult emergence. Sublethal doses of chlorfluazuron rapidly disrupted the development of testes by decreasing the volume and weight of testes www.intechopen.com compared with the controls. The weight and size of testes were significantly reduced (P<0.001) in the LD 10 -treated and more significantly reduced (P<0.0001) in LD 30 -treated males compared with the controls from newly ecdysed sixth-instar larvae to the 5 th day after adult emergence. Testes reached their maximum size in treated males (LD 10 : 4.161.54 mm 3 and 8.00.83 mg; LD 30 : 2.791.00 mm 3 and 4.881.05 mg; n= 10, respectively) on the same day as the controls. The patterns of development of the testes with respect to the volume and weight were the similar in the controls and the LD 10 -or LD 30 -treated males (Figures 8a  and b) (Perveen, 2000b) . Fig. 8 . Effects of sublethal doses of chlorfluazuron (LD 10 : 1.00 ng larva -1 ; LD 30 : 3.75 ng larva -1 ) on the testis volume (a) and weight (b) of Spodoptera litura during newly ecdysed sixth-instar larvae to 5 th day after adult emergence; controls: O; LD 10 : □; LD 30 : Δ; data analyzed using one-way ANOVA (Concepts, 1989) at P<0.0001 and Scheffe`s F-test (Scheffe, 1953) at 5%; vertical bars: SD; N, S, P and D: larval (Table 5 .1), P: pupal and A: adult developmental days; n = 10 for each point; paired larval testes and fused single pupal or adult testis were considered as testes pair equivalent; (Source: Perveen, 2000b ).
The thickness of the testis sheath gradually and then sharply increased until the 4 th day of moulting of sixth-instar larvae. It decreased when the two larval testes fused on the 5 th day (last-day) of the sixth-instar larvae; it again increased and reached to a maximum [(60.51)10 -2 mm; n=10] on the 0 day of pupation and gradually declined in the newly emerged adults. The thickness remained constant until the 2 nd day after adult emergence. Sublethal doses rapidly disrupted the development of testis by significantly decreasing (P<0.0001) the thickness of the testes sheath as compared with that of the controls. This reduction occurred from newly ecdysed sixth-instar larvae to the 0 day of pupation in the LD 10 -treated and the 1 st day after pupation in the LD 30 -treated males. The thickness of the testes sheath in chlorfluazuron-treated males reached a maximum [(5.90.67)10 -2 mm] in the LD 10 -treated males on the 1 st day and [(5.91.1)10 -2 mm] in the LD 30 -treated males on the 2 nd day after pupation whereas, in the controls, it was on the 0 day of pupation. This result shows that attainment of the maximum thickness of the testes sheath was delayed by one day in LD 10 -and by two days in LD 30 -treated males compared with the controls. However, no significant reduction was observed in the maximum thickness of the testes sheath among the control and LD 10 -or LD 30 -treated males. The developmental pattern of the testes sheath in the LD 10 -or LD 30 -treated males was similar to that of the controls (Figure 9 ) (Perveen, 2000b) . Fig. 9 . Effects of sublethal doses of chlorfluazuron (LD 10 : 1.00 ng larva -1 ; LD 30 : 3.75 ng larva -1 ) on the thickness of testis sheath of Spodoptera litura during newly ecdysed sixth-instar larvae to 5 th day after adult emergence; controls: O; LD 10 : □; LD 30 : Δ; data analyzed using one-way ANOVA (Concepts, 1989) at P<0.0001 and Scheffe`s F-test (Scheffe, 1953) at 5%; vertical bars: SD; S, P, D and B 1 : larval (Table 5 .1), P: pupal and A: adult developmental days; n = 10 for each point; paired larval testes and fused single pupal or adult testis were considered as a testes pair equivalent; (Source: Perveen, 2000b ).
Effects on spermatogenesis
When the different developmental stages of cysts were observed in testes during spermatogenesis on the 1, 3 and 5 day-old sixth-instar larvae, the number of spermatogonia, primary and secondary spermatocytes was significantly reduced (P<0.001) in the LD 10 -and even more significantly reduced (P<0.0001) in the LD 30 -treated males as compared with those of controls. Spermatids, elongated cysts with mature sperm and eupyrene sperm bundles were not found in the controls and LD 10 -or LD 30 -treated larval testes (Table 7 ) (Perveen, 2000b) . ECMS: elongated cysts with mature sperm; ESB: eupyrene sperm bundles; larvae ecdysed usually during 0200 to 0800 hour and collected between 0800 to 1000 hour b Data were analyzed using one-way ANOVA (Concepts, 1989) at P<0.0001. Means within columns followed by different letters are significantly different by Scheffe`s F-test (Scheffe, 1953) at 5%. Table 7 . Effect of sublethal doses of chlorfluazuron on spermatogenesis in the testes of sixthinstar larvae during 1 st , 3 rd and 5 th days of development after topical application to newly ecdysed fifth-instar larvae of Spodoptera litura (Source: Perveen, 2000b) .
When different developmental stages of the cysts were observed in testis during spermatogenesis in newly ecdysed pupae, on the 5 th and 10 th day after pupation, the number of spermatogonia, primary and secondary spermatocytes, were decreased. However, the spermatids and elongated cysts with mature sperm gradually increased in controls. Eupyrene sperm bundles were not present on the 0-5 day-old pupae. However, they were found on the 10 th day after pupation (mean: 10023.0 numbers). The pattern of spermatogenesis was the same in the controls, LD 10 -and LD 30 -treated male pupae. However, the developmental stages of the sperm were significantly reduced (P<0.001) in the LD 10 -treated and even more significantly reduced (P<0.0001) in the LD 30 -treated males compared with the controls (Table 8 ) (Perveen, 2000b) . Different developmental stages of cysts were observed in testes during spermatogenesis in newly emerged, 1 and 2 day-old adults. The spermatogonia were not present in newly emerged and 1 day-old adults. Primary spermatocytes were not found in 1 and 2 day-old adults, but they (mean: 1744.0 number) were found in newly emerged adults. The secondary spermatocytes, spermatids and elongated cysts with mature sperm were present, but gradually decreased in number in the controls. Eupyrene sperm bundles gradually increased in number in the controls. The pattern of spermatogenesis was the same in the controls, LD 10 -and LD 30 -treated male pupae. However, the stages of sperm development were significantly reduced (P<0.001) in the LD 10 -and even more significantly reduced (P<0.0001) in LD 30 -treated males as compared with the controls (Table 9 ) (Perveen, 2000b ECMS: elongated cysts with mature sperm; ESB: eupyrene sperm bundles; pupation occurred usually during 0200 to 0800 hour and collected between 0800 to 1000 hour. b Data were analyzed using one-way ANOVA (Concepts, 1989) at P<0.0001. Means within columns followed by different letters are significantly different by Scheffe`s F-test (Scheffe, 1953) at 5%. Table 8 . Effect of sublethal doses of chlorfluazuron on spermatogenesis in the testes of pupae during 1 st , 5 th and 10 th days of development after topical application to newly ecdysed fifth-instar larvae of Spodoptera litura (Source: Perveen, 2000b) . C  13  00a  1744a  5243a  10484a  20975a  48933a  LD 10  11  353b  1407b  3853b  8403b  16806b  39204b  LD 30  10  242c  943b  2592c  5666c  11323c  26412c  1 st  C  13  00a  00a  1746a  6113a  10476a  69025a  LD 10  11  143b  283b  981b  4905b  8403b  55304b  LD 30  10  92c  192c  662c  3304c  5662c  37285c  2 a TS: treatment stages; T: treatments; n: number of males used; C: control; LD10: 1.00 ng larva -1 ; LD30: 3.75 ng larva -1 ; M: mean; Sg.: spermatogonia; PS: primary spermatocytes; SS: secondary spermatocytes; St.: spermatids; ECMS: elongated cysts with mature sperm; ESB: eupyrene sperm bundles; adults emerged usually between 2300 to 0200 hour and and between collected 0800 to 1000 hour. b Data were analyzed using 1-way ANOVA (Concepts, 1989) at P<0.0001. Means within columns followed by different letters are significantly different by Scheffe`s F-test (Scheffe, 1953) at 5%. Table 9 . Effect of sublethal doses of chlorfluazuron on spermatogenesis in the testes of adults during 0, 1 st and 2 nd day of development after topical application to newly ecdysed fifth-instar larvae of Spodoptera litura (Source: Perveen, 2000b ).
In the testis of newly emerged LD 10 -treated adults, the number of eupyrene and apyrene sperm bundles was significantly reduced (P<0.001), and even more significantly reduced Table 5 .1; P10: ten day old pupae b Data were analyzed using one-way ANOVA (Concepts, 1989) at P<0.0001. Means within columns followed by different letters are significantly different by Scheffe`s F-test (Scheffe, 1953) at 5%. Table 11 . Effect of sublethal doses of chlorfluazuron on the size of various developmental stages of sperm observed in the testes of sixth-instar larvae and puape after topical application to newly ecdysed fifth-instar larvae of Spodoptera litura (Source: Perveen, 2000b ).
The size of the spermatogonia, primary spermatocytes, secondary spermatocytes and spermatids was significantly reduced (P<0.001) in LD 10 -treated and more significantly reduced (P<0.0001) in LD 30 -treated insects compared with the controls (Table 11) in newly emerged adults (Perveen, 2000b) . In newly emerged adults, the width and length of elongated cysts with mature sperm, eupyrene and apyrene sperm bundles were significantly reduced (P<0.001) in LD 10 -and more significantly reduced (P<0.0001) in LD 30 -treated insects compared with the controls (Table 12 ) (Perveen, 2000b a LD10: 1.00 ng larva -1 ; LD30: 3.75 ng larva -1 ; T: treatments; n: number of males used b Data were analyzed using one-way ANOVA (Concepts, 1989) at P<0.0001. Means within columns followed by different letters are significantly different by Scheffe`s F-test (Scheffe, 1953) at 5%. a LD10: 1.00 ng larva -1 ; LD30: 3.75 ng larva -1 ; T: treatments; n: number of males used b Data were analyzed using one-way ANOVA (Concepts, 1989) at P<0.0001. Means within columns followed by different letters are significantly different by Scheffe`s F-test (Scheffe, 1953) at 5%. Table 13 . Effect of sublethal doses of chlorfluazuron on the number of eupyrene sperm bundles in the vas deferens during different developmental days of adults after topical application to newly ecdysed fifth-instar larvae of Spodoptera litura (Source: Perveen, 2000b) In the vas deferens of male pre-adult controls, the mean number of eupyrene sperm bundles was 10229, but no sperm bundles observed in the LD 10 -or LD 30 -treated males of the same age (Table 13 ) (Perveen, 2000b) . In newly emerged control males, the mean number of eupyrene sperm bundles was 1002116, and in LD 10 -treated adult males, 23  4.9. In LD 30 -treated adults male there was no sperm bundles were observed. Moreover, in 1 day-old LD 10 -treated adult males, the number of eupyrene sperm bundles was significantly (P<0.001) reduced and more significantly (P<0.0001) reduced in LD 30 -treated males compared with the controls (Table 14 ) (Perveen, 2000b) .
In the testis and vas deferens of newly emerged, LD 10 -treated males, the total number of eupyrene sperm bundles was significantly reduced (P<0.001) and more significantly reduced (P<0.0001) in LD 30 -treated males had no sperm bundles in the vas deferens compared with the controls (Table 14 ) (Perveen, 2000b a LD10: 1.00 ng larva -1 ; LD30: 3.75 ng larva -1 ; T: treatments; n: number of males used; NESB: number of eupyrene sperm bundle; NASB: number of apyrene sperm bundle; ESB: eupyrene sperm bundle; ASB: apyrene sperm bundle; TNESB: total number of eupyrene sperm bundle b Data were analyzed using one-way ANOVA (Concepts, 1989) at P<0.0001. Means within columns followed by different letters are significantly different by Scheffe`s F-test (Scheffe, 1953) at 5%. Table 14 . Effect of sublethal doses of chlorfluazuron on the total number of eupyrene sperm bundles in the testis and vas deferens of newly emerged adults after topical application to newly ecdysed fifth-instar larvae of Spodoptera litura (Source: Perveen, 2000b) 
Discussion
Topical application of sublethal doses of chlorfuazuron (LD 10 : 1.00 ng larva -1 ; LD 30 : 3.75 ng larva -1 ) has an effect on reproduction of S. litura by reducing the fecundity, fertilityand hatchability. Fecundity was reduced to a similar degree (35±44%) when females, males or both sexes were treated with LD 10 or LD 30 . Fertility was reduced by 42% or 52% when females were treated with LD 10 or LD 30 , respectively, and by 60% or 63%, respectively, when males or both sexes were treated with LD 10 . Fertility was reduced by 78% or 80% when males or both sexes were treated with LD 30 . The hatchability was reduced by 20% or 23% when females were treated with LD 10 or LD 30 , respectively, and by 37% or 39%, respectively, when males or both sexes were treated with LD 30 . Hatchability was reduced by 55% or 56% when males or both sexes were treated with LD 30 (Perveen, 2000a) . Thus, this study was conducted to determine the causes of the reduction in these reproductive parameters. Topical application of sublethal doses of chlorfuazuron has an effect on testis development by decreasing the volume and weight of testes and its sheath thickness, and also on spermatogenesis by decreasing the number of cysts, eupyrene and apyrene bundles during different times in development. Reduction in the testes volume and weight might be caused by a reduction in the number of cysts, number and size of sperm bundles, thickness of testes sheath, and/or the reduction in protein content of testes constituents. When females are treated with LD 10 of chlorfuazuron, no signifiant reduction in the inseminated eupyrene sperm number is observed compared with controls. However, LD 10 and LD 30 treatment of males significantly reduces (65.8% and 88.6%) the number of inseminated eupyrene sperm. Moreover, no significant (P<0.0001) differences in the reduction are observed on the inseminated eupyrene sperm number when males or both sexes are treated either with LD 10 or LD 30 (Perveen, 2008) . Therefore, the main cause of the reduction in the fecundity, fertility and hatchability is a decrease in inseminated eupyrene sperm numbers. In larval S. litura, the bright yellow-coloured testes are distinctly paired, reniform and situated between the 5th and 6 th abdominal segments. Each of the lateral testicular lobes is made up of four follicles. The testicular lobes are enclosed within two thick, double-layered peritoneal sheaths. Each of these sheaths comprises two layers of epithelial cells. The external sheath is made up of lightly stained cuboidal cells resting on a basement membrane. This forms a common envelope to all the follicles of the testis and is penetrated by tracheal branches. The inner sheath is made up of more darkly stained elliptical cells, within which muscle fibres are distinguisable. Ingrowths from this sheath in the form of double-walled septa penetrate between the follicles to separate them from one another. The testes sheath reaches its maximum thickness at day 0 of pupation in the controls, whereas in LD 10-treated males maximum thickness occurs later at 1 day. In LD 30 -treated males maximum thickness occurs at 2 day after pupation. Difubenzuron affects ecdysteroid secretion from the epidermis in Tenebrio molitor (Soltani, 1984) , ovaries of Cydia pomonella (Soltani et al., 1987; Soltani et al., 1989b) and also the concentrations of haemolymph constituents in T. molitor (Soltani, 1992) . Ecdysteroids have been reported to stimulate spermatogenesis in many insect species (Dumser, 1980b; Gelman and Hayes, 1982) . In Mamestra brassica (Shimizu et al., 1985) , Heliothis virescens (Loeb, 1986) and L. dispar (Loeb et al., 1988) testes synthesize ecdysteroids. The treatment with chlorfuazuron effects ecdysteroid production by the testis sheet remains to be investigated. Gelman and Hayes (1982) and Gelman et al. (1988) observed in Ostrinia nubilalis, the size and weight of separate testes paired. Topical application of the sublethal dose, LD 10 of chlorfuazuron significantly reduces (P<0.0001) the weight and size of testes, and this is even greater in LD 30 -treated males. However, the topical application of similar sublethal doses of chlorfuazuron significantly reduced (P<0.0001) ovarian weight in postpupal and developing pharate adult females as compared with that of the controls (Perveen and Miyata, 2000) . However, significant differences are not observed in ovarian weight when adult females are treated with LD 10 or LD 30 doses. The maturation of insect testes depends, among other factors, upon the materials that are taken up from the surrounding haemolymph and by materials synthesized by the testes in situ. These materials include protein, lipid and carbohydrate, all of which are required for development of the genital tract (Kunkel and Nordin, 1985; Kanost et al., 1990) . In newly emerged males from LD 10-or LD 30 -treated larvae the eupyrene and apyrene sperm bundles are significantly (P<0.0001) smaller in size and number compared with those of controls. Spermatozoa descend regularly from the testis through the vas deferens into the seminal vesicles, which fill with eupyrene sperm bundles with cysts and individual apyrene sperm. Yoshida (1994) also reported that the number of eupyrene sperm bundles in the testis and vas deferens of newly emerged treated (LD 10 ) males is reduced by 36%, and the initiation of sperm movement from testis to seminal vesicle was delayed. The present results show that initiation of sperm movement from testis to vas deferens is delayed after chlorofuazuron treatment and this is caused by the delay of spermatogenesis. When males or both sexes are treated on the first day of pairing, few or none mate. However, seven to nine pairs mate in control or female treated crosses. During the next day, seven to 10 pairs mate in 10±13 pairs of seven combinations of crosses (Perveen, 2008) . These results suggest that the delay of the first mating is caused by the delayed spermatogenesis. The effect of chlorfuazuron on testicular development and spermatogenesis is one of the factors responsible for the reduction in fecundity, fertility and hatchability caused by the sublethal doses of chlorfuazuron. More work is in progress to determine the biochemical mechanism of these effects in S. litura.
Conclusion
The physiological mechanism of action of chlorfluazuron describes here on testicular development and spermatogenesis when sublethal doses (LD 10 : 1.00 ng larva -1 or LD 30 : 3.75 ng larva -1 ) are applied topically to the cuticle of newly ecdysed fifth instars of Spodoptera litura. These doses disrupt the growth and development of testes by decreasing the volume and weight of testes and thickness of testes sheath as compared with that of the controls. Additionally, such doses disrupt spermatogenesis by reducing the number and size of eupyrene and apyrene sperm bundles in the testis. Very few or no eupyrene sperm bundles are observed in vas deferens of pre-and newly ecdysed adults compared with controls. This result shows that the transfer of sperm bundles from testes to vas deferens is delayed in treated males. The effects of chlorfluazuron on testicular development and spermatogenesis are thought to be one of the factors responsible for the reduction in fecundity, fertility and hatchability caused by sublethal doses of chlorfluazuron.
